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(54) Metal halide lamp and automotive headlamp apparatus 



(57) To improve the ratio between first and second 
halides sealed in a mercury>free lamp, thereby providing 
a metal halide lamp which has a high luminous efficiency 
and a low lamp voltage reduction and emits light of an 
appropriate color and an automotive headlamp appara- 
tus incorporating the same, a metal halide lamp includes 
a hermetic vessel (1 ) which is fire resistant and translu- 
cent; a pair of electrodes (3,3) sealed in the hermetic 
vessel (1 ) facing each other at a distant of 5 mm or less; 
and a discharge medium substantially containing no 
mercury, sealed in the hermetic vessel (1 ), and contain- 
ing first halides mainly including scandium halide and 
sodium halide, a second halide for mainly providing a 
lamp voltage and xenon gas at 0.5 MPa or more at a 
temperature of 25°C, the amounts of scandium halide 
and sodium halide sealed in the hermetic vessel (1 ) sat- 
isfying the formula 0.25 < a/(a+b) <0.8, where reference 
character a denotes the mass of scandium halide and 
reference character b denotes the mass of sodium hal- 
ide, while, in a stable state, the metal halide lamp is 
tumed on with a lamp power of 60 W or lower. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a metal halide 
lamp and an automotive headlamp apparatus incorpo- 
rating the same. 

Description of the Related Art 

[0002] U.S. Pat No. 6353289 by Ishigami discloses a 
metal halide lamp suitable for an automotive headlamp 
that substantially contains no mercury (conveniently re- 
fenred to as a mercury-free lamp, hereinafter). The in- 
ventor of this invention is one of the inventors of the 
present invention. The metal halide lamp has electrodes 
distant from each other by 5 mm or less and has, sealed 
in a hermetic vessel as a discharge medium, first and 
second halides and a xenon gas at 5 atmospheres or 
higher at 25''C. The first halide is a halide of a light-emit- 
ting metal, and the second halide is a halide of a metal 
for providing a lamp voltage. As the second halide, a 
halide of a metal that has a high vapor pressure and 
emits no or a relatively little visible light is used, besides 
a halide of a light emitting metal. If the mercury-free lamp 
described above is a small metal halide lamp used in an 
automotive headlamp, it is turned on with a lamp power 
of 60 W or lower. Still, the mercury-free lamp in a stable 
state is as luminous as mercury-containing tamps. 
[0003] However, if the first and second halides are 
sealed in the mercury-free lamp in an inappropriate ra- 
tio, there arise problems of high color deviation, low 
lamp voltage and low luminous efficiency. The reason 
for this is as follows: in many cases, the second metal 
halide sealed in place of mercury for providing a lamp 
voltage is low in luminous efficiency and emits visible 
light which is low in chromaticity, and therefore, the sec- 
ond metal halide causes the luminous efficiency of the 
lamp to be reduced or the chromatidty thereof to be de- 
graded or provides an insufficient lamp voltage depend- 
ing on the amount thereof. 

[0004] As described above, the lamp voltage depends 
on the amount of the second halide sealed. A larger 
amount of the second halide sealed can provide a higher 

lamp voltage. However, the quantity of visible light is re- 
duced and the luminous efficiency of the lamp is re- 
duced. On the other hand, a smaller amount of the sec- 
ond halide increases the luminous efficiency of the 
lamp. However, the lamp voltage tends to decrease. 
Furthermore, when the lamp power supplied to the met- 
al halide lamp is fixed, a higher lamp voltage and a lower 
lamp current result in a low cun-ent capacity of a lighting 
circuit, and thus, can provide a relatively inexpensive 
lighting circuit. 

[0005] In addition, the mercury-firee lamp Is Inferior in 
rising of luminous flux, in general. In the case of an au- 



tomotive headlamp, the xenon gas emits light just as 
with mercury immediately after activation. However, af- 
ter that, evaporation of the halides is insufficient until the 
temperature thereof is increased to 400 to 600°C, which 
• 5 takes about 4 seconds after the activation. Thus, during 
this period, the xenon gas keeps emitting light. Accord- 
ingly, a lamp power more than twice as high as that in a 
stable state need be supplied to the lamp for about 4 
seconds, and thus, a maximum lamp current need be 
10 supplied to the lamp for about 4 seconds after the acti- 
vation. Nevertheless, if the first and second halides are 
sealed In an Inappropriate ratio, the rising of luminous 
flux is delayed, and 80% or more of the total luminous 
ftux cannot be attained within 4 seconds after the acti- 
os vation. 

[0006] To the contrary, in the case of a conventional 
metal halide lamp which contains mercury as a medium 
for providing a lamp voltage (conveniently referred to as 
a mercury-containing lamp, hereinafter), the xenon gas 

20 first emits light immediately after activation, and then, 
mercury evaporates to emit light immediately and rap- 
idly. Since the luminous efficiency of mercury is several 
times as high as that of xenon, the rising of luminous 
flux is relatively fast, and 80% of the rated luminous flux 

25 is attained 4 seconds after the activation. This luminous 
flux can be attained by supplying a power about twice 
as high as the rated lamp power immediately after the 
activation. The maximum lamp current flows only during 
a period immediately after the activation, decreases rap- 

30 idly after a lapse of 1 to 2 seconds and becomes equal 
to or less than a half of the maximum after a lapse of 4 
seconds. 

[0007] However, the present inventors have found 
that, also in the mercury-free lamp, appropriate rising of 
35 luminous flux can be provided if the ratio between the 
first and second halides sealed is appropriately deter- 
mined. 

[0008] Furthermore, the mercury-free lamp cannot at- 
tain the same level of total luminous flux in a stable state 

40 as the mercury-containing lamp if the ratio between the 
sealed first and second halides is in appropriate. On the 
other hand, the mercury-containing lamp can easily at- 
tain a desired level of total luminous flux because the 
mercury vapor produces visible light by discharge, 

45 which largely contributes to the total luminous flux. 

SUMMARY OF THE INVENTION 

[0009] An object of the invention is to improve the ratio 
50 between first and second halides sealed in a mercury- 
firee lamp to enhance the luminous efficiency thereof, 
thereby providing a metal halide lamp which has a low 
lamp voltage reduction, emits light of an appropriate 
color and is suitable for an automotive headlamp and 
55 an automotive headlamp apparatus incorporating the 
same. 

[0010] Another object of the invention is to provide a 
metal halide lamp with a rapid rising of the luminous flux 
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suitable for an automotive headlamp and an automotive 
headlamp apparatus Incorporating the same. 
[001 1] Another object of the Invention is to provide a 
metal hallde lamp with an increased total luminous flux 
suitable for an automotive headlamp and an automotive 
headlamp apparatus Incorporating the same. 
[0012] Another object of the Invention Is to provide a 
metal hatide lamp with a chromaticity suitable for an au- 
tomotive headlamp and an automotive headlamp appa- 
ratus incorporating the same. 
[0013] According to the invention, in orderto attain the 
objects described above, the first halldes, which contain 
a halide of a light-emitting metal, mainly contain scan- 
dium halide and sodium halide, and the amounts of 
scandium halide and sodium halide satisfies the formu- 
la: 

0.25 < a/(a+b) < 0.8, 

where reference character a denotes the mass of scan- 
dium halide sealed and reference character b denotes 
the mass of sodium halide sealed. 
[0014] The lower limit in the above formula Is deter- 
mined for the following reason. That is, if the ratio a/ 
(a+b) is lower than the lower limit, the lamp voltage is 
too low. Thus, in orderto supply a required lamp power 
to the lamp, the lamp cunrent needs to be increased, and 
thus, a practical problem with a lighting device arises. 
In addition, the luminous efficiency is reduced, and thus, 
the total luminous flux is excessively reduced. On tiie 
other hand, the upper limit in the above formula is ap- 
plied to a case where tiie first halides contain a halide 
of indium, for example, in addition to scandium halide 
and sodium halide. And, the upper limit is determined 
for the following reason. That is, if the ratio a/(a+b) is 
higher than the value, the luminous efficiency is reduced 
again, although the lamp voltage can be increased. In 
addition, the resulting chrominance is far above a value 
specified for tiie metal halide lamp for an automotive 
headlamp. Here, in addition to the primary light-emitting 
substances containing scandium and sodium, a halide 
of a light-emitting metal other than the primary light- 
emitting substances, such as indium, that is, a halide of 
an auxiliary light-emitting metal can be sealed in the 
form of iodide or bromide in a relatively small amount. 
This facilitates adjustment of the chromaticity of the light 
emitted by tiie metal halide lamp. 
[001 5] Suitable halogens as the first and second hal- 
ldes are as follows. In terms of reactivity, iodine is most 
suitable. At least tiie primary light-emitting metal de- 
scribed above is sealed in the hermetic vessel in the 
forni of an iodide. However, essentially, different com- 
pounds of halogen, for example Iodide and bromide, 
may be used together. 

[001 6] Thus, the invention can provide a metal halide 
lamp which has a high luminous efficiency and a low 
lamp voltage reduction, emits light of an appropriate 



color and is suitable for an automotive headlamp. How- 
ever, preferably, the ratio Bl{a*b) falls within the follow- 
ing range, and in this case, more advantages are pro- 
vided. 

5 

0.27 < a/(a+b) < 0.37 

[0017] In the metal halide lamp according to a pre- 
10 ferred first embodiment of the invention, the discharge 
medium contains metal halides including at least 8013, 
Nal and InBr and/or Inl, and tiie mass ratio of the halides 
to the sum of scandium halide and sodium halide is one- 
fifth or less. 

15 [001 8] Thus, according to this embodiment, the chro- 
maticity of the light emitted by the metal halide lamp can 
be adjusted witiiout undes Ired reduction in luminous ef- 
ficiency, and a value thereof specified fbrthe automotive 
headlamp can be more readily attained. 

20 [0019] According to a prefen-ed second embodiment, 
the amounts of scandium halide, sodium halide and the 
second halide sealed in the hemnetic vessel satisfies the 
formula: 

25 

0.01 < c/(a+b+c) < 0.4, 

where reference character a denotes the mass of scan- 
dium halide, reference character b denotes tiie mass of 
30 sodium halide and reference character c denotes the 
mass of the second halide. 

[0020] The lower limit in the above formula is applied 
to a case where the first halides contain a halide of in- 
dium or tiie like in addition to scandium halide and so- 
35 dium hallde. As the ratio c/(a+b+c) decreases, ttie lumi- 
nous efficiency gradually increases, the chrominance 
becomes larger and becomes out of a white range and 
out of specification, and the lamp voltage gradually de- 
creases. If the decreasing ratio c/(a+b+c) finally be- 
40 comes lower than the lower limit, the lamp voltage is too 
low, and a practical problem arises that the lighting de- 
vice is difficult to design. On the other hand, as the ratio 
c/(a+b+c) increases, the lamp voltage increases and the 
chrominance becomes smaller, while the luminous effi- 
45 clency decreases. If the ratio d{a+b+c) is higher tiian 
the upper limit in the above formula, the luminous effi- 
ciency is excessively reduced. However, if the above 
formula is satisfied, the following advantages can be 
provided. Here, if the first halides contain no auxiliary 
50 halide of a light-emitting metal, such as indium, that is, 
the first halides contain only halides of primary light- 
emitting metals, the lower limit in the above fonmula is 
appropriately set to 0.1. In this case, if the ratio cf 
(a+b+c) is lower than 0.1 , the disadvantages described 
55 above occurs. Thus such a situation should be avoided. 
[0021] Most preferably, the ratio c/Ca+b+c) satisfies 
the following fomnula, and in tills case, more advantages 
are provided. 
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0.22 < c/(a+b+c) < 0.33 

[0022] In this embodiment, the second halide is a me- 
dium for providing a lamp voltage in place of mercury, 
and contributes to adjustment of chromaticity depending 
on which is selected among from the following group of 
metals. That is, the second halide is a halide of a metal 
which has a high vapor pressure and emits no or a rel- 
atively little visible light, that is, a halide of a metal which 
is not a promising light-emitting metal for providing a sig- 
nificant luminous flux but is suitable for providing a lamp 
voltage. The second halide may be the halide(s) of one 
or more metals selected among from the group of Mg, 
Co, Cr, Zn, Mn, Sb, Re. Ga, Sn, Fe, Al, Tl, 2r and Hf. 
[0023] Among the metals in the group described 
above, zinc is quite preferable because the vapor pres- 
sure of zinc halide is sufficiently high, and zinc halide 
has an ability of adjusting chromaticity, places a little 
load on the environment, is easy to handle and is avail- 
able readily and at a low cost on an industrial scale. 
[0024] According to this embodiment, the amount of 
the second halide sealed can be reduced to fall within 
an appropriate range. As a result, the luminous efficien- 
cy of the lamp can be increased, the total luminous flux 
can be kept at a high value, the lamp voltage can be 
maintained at or above a desired value, the increase of 
the lamp cun^ent can be suppressed to facilitate design 
of the lighting circuit, and the chrominance can be kept 
falling within an allowable range, whereby a metal halide 
lamp that emits light with an appropriate color can be 
provided. Furthermore, since the second halide is used, 
a lamp voltage of about 25 to 70 V can be provided with- 
out mercury. Thus, a desired lamp power can be sup- 
plied to the lamp with a relatively low lamp current. 
[0025] According to a prefenred third embodiment, the 
discharge medium contains the first and second halides 
in an amount of 0.005 mg/mm^ or more of an inner vol- 
ume of the hermetic vessel. 

[0026] According to this embodiment, the total 
amount of all the halides sealed in the hermetic vessel, 
that is, the first and second halides, is Increased, where- 
by the rising of the luminous flux is fastened while main- 
taining a desired total luminous flux. Specifically, if the 
mass ratio a/(a+b) conceming scandium halide a and 
sodium halide b, which are halides of primary light-emit- 
ting metals, falls within a range determined according to 
the invention, and the first and second halides are 
sealed in an amount of 0.005 mg/mm^ or more of an 
inner volume of the hermetic vessel, the rising of the lu- 
minous flux at the time when tuming on the metal halide 
lamp In a cold state can be improved, and 80% of the 
total luminous flux can be attained within 4 seconds. 
[0027] Thus, according to this embodiment, the metal 
halide lamp with an improved rising of the luminous flux 
can be provided. Therefore, the speciflcations for the 
metal halide lamp for the automotive headlamp can be 
met. Here, the amount of the halides sealed in the her- 



metic vessel described above Is significantly large com- 
pared to that of the mercury-containing lamp. Therefore, 
characteristically, an excess of the halides, which have 
not been evaporated, is in the liquid phase and adhered 
5 to the inner wall of the hermetic vessel when the lamp 
is on. 

[0028] In the metal halide lamp according to a pre- 
ferred fourth embodiment of the invention, the discharge 
medium contains the first and second halides in an 
10 amountof Amg/mm^of an inner volume of the henmetic 
vessel, and the formula is satisfied: 

0.005 <A<0.03. 

15 

[0029] According to this embodiment, a preferred 
range of the amount of the halides sealed in the hermetic 
vessel is defined. That is, in the above formula, for the 
lower limit value, the description made with reference to 

20 the third embodiment holds true. On the other hand, if 
the amount of the halides increases, the vapor pressure 
thereof also increases. However, as the amount ap- 
proaches the upper limit value, the amount of the halides 
in the liquid phase adhered to the inner surface of the 

25 hermetic vessel increases, and the total luminous flux 
tends to decrease. Then, the amount becomes higher 
than the upper limit value, the lamp voltage increases 
beyond a specified value thereof. If the above formula 
is satisfied, the intended objects are attained. Prefera- 

30 bly, the amount A satisfies a relation of 0.005 < A < 0.02, 
and in this case, a still higher total luminous flux can be 
provided. 

[0030] Thus, according to this embodiment, a high to- 
tal luminous flux can be provided. 

35 [0031] According to a preferred fifth embodiment of 
the invention, the inner volume of the hermetic vessel is 
0.01 cc or less. This embodiment is suitable for small 
metal halide lamps, such as a metal halide lamp for an 
automotive headlamp. 

40 [0032] According to a prefen-ed sixth embodiment of 
the invention, the paired electrodes are at a distance of 
4.2 mm ± 0.6 mm. According to this embodiment, a dis- 
tance between the electrodes which is suitable for a 
metal halide lamp for an automotive headlamp is pro- 

45 vided. 

[0033] According to a preferred seventh embodiment 
of the invention, the xenon gas in the discharge medium 
is at 5 to 20 atmospheres at 25^*0. This embodiment de- 
fines a generally possible range of the pressure of the 

50 xenon gas sealed in the hermetic vessel. That is, if the 
pressure of the xenon gas sealed is higher tiian 20 at- 
mospheres, the metal halide lamp is difficult to manu- 
^cture, and the inner pressure thereof when the lamp 
is on is too high. 

55 [0034] The xenon gas serves as a starting gas and a 
buffer gas and serves also to dominantiy emit light im- 
mediately after the starting. Furthermore, since the 
pressure of tiie sealed xenon gas is high, the lamp volt- 
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age of the metal halide lamp immediately after the start- 
ing Is also high. Thus, a higher lamp power can be pro- 
vided with respect to a same lamp current, and improved 
rising characteristics of the luminous flux can be provid- 
ed. The good rising characteristics of the luminous flux, 
which are advantageous for any use of the lamp, are 
essential particularly in applications of automotive head- 
lamp, liquid-crystal projector and the like. 
[0035] According to a prefen-ed eighth embodiment of 
the invention, the xenon gas in the discharge medium 
is at 8 to 16 atmospheres at 25*^0. This embodiment de- 
fines a range of the pressure of the xenon gas sealed 
in the hermetic vessel which is suitable for a metal halide 
lamp for an automotive headlamp. That is, the pressure 
of the sealed xenon gas equal to or higher than 8 atmos- 
pheres allows the lamp voltage to be increased to a pre- 
ferred value and good rising characteristics of the lumi- 
nous flux to be provided. Furthermore, the pressure of 
the seated xenon gas equal to or lower than 16 atmos- 
pheres allows the metal halide lamp to be readily man- 
ufactured and the pressure in the lamp when the lamp 
is on to be prevented from excessively increasing. 
[0036] According to a prefen^ed ninth emtiodiment of 
the invention, the lamp power is 35 W ± 3 W. This em- 
bodiment defines a range of the lamp power suitable for 
a metal halide lamp for an automotive headlamp. 
[0037] According to a preferred tenth embodiment of 
the invention, a metal halide lamp comprises: a hermetic 
vessel which is fire resistant and translucent; a pair of 
electrodes sealed in the hermetic vessel with facing 
each other at a distant of 5 mm or less, and a discharge 
medium substantially containing no mercury, sealed in 
the hermetic vessel, and containing first haiides mainly 
including scandium halide and sodium halide, a second 
halide for mainly providing a lamp voltage and a xenon 
gas at 5 atmospheres or higher at a temperature of 
25°C, the amounts of scandium halide, sodium halide 
and the second halide sealed in the hemnetic vessel sat- 
isfying the formula: 

0,01 < c/(a+b+c) < 0.4, 

where reference character a denotes the mass of scan- 
dium halide, reference character b denotes the mass of 
sodium halide and reference character c denotes the 
mass of the second halide, and in a stable state, the 
metal halide lamp is tumed on with a lamp power of 60 
W or lower. 

[0038] According to this embodiment, due to the ar- 
rangement described above, the amount of the second 
halide sealed can be reduced to fall within an appropri- 
ate range, the luminous efficiency of the lamp can be 
increased to keep the total luminous flux at a high value, 
and the lamp voltage can be maintained at or above a 
desired value. Thus, the increase of the lamp current 
can be suppressed to facilitate design of the lighting de- 
vice, and the chrominance can be kept filing within an 



allowable range to provide tight with an appropriate 
color. 

[0039] In the metal halide lamp according to a pre- 
ferred eleventh embodiment of the invention, the 
5 amounts of scandium halide, sodium halide and the sec- 
ond halide seated in the hermetic vessel satisfies the 
formula: 

0.1 < G/(a+b+c) < 0.4, 

where reference character a denotes the mass of scan- 
dium halide, reference character b denotes the mass of 
sodium halide and reference character c denotes the 
mass of the second halide. 

[0040] This embodiment is applied to a case where 
the first haiides contains halldes of light-emitting metals 
substantially contain only scandium halide and sodium 
halide. According to this embodiment, the amount of the 
sealed second halide can be reduced to fall within an 
appropriate range. 

[0041] In the metal halide lamp according to a pre- 
ferred twelfth embodiment of the invention, in addition 
to the an'angement according to the tenth embodiment, 
the discharge medium contains metal haiides including 
at least SCI3, Nal and InBr and/or Inl. According to this 
embodiment, the same advantages as in the first em- 
bodiment are provided. 

[0042] In the metal halide lamp according to a pre- 
ferred thirteenth embodiment of the invention, in addi- 
tion to the arrangement according to the tenth embodi- 
ment, the discharge medium contains the first and sec- 
ond haiides in an amount of A mg/mm^ of an inner vol- 
ume of the henmetic vessel, and the formula is satisfied: 

0.005 < A < 0.03. 

[0043] According to this embodiment, the same ad- 
vantages as In the fourth embodiment are provided. 
[0044] In the metal halide lamp according to a pre- 
ferred fourteenth embodiment of the invention, in addi- 
tion to the an-angement according to the tenth embodi- 
ment, the inner volume of the hemietic vessel is 0.01 cc 
or less. According to this embodiment, the same advan- 
tages as in the fifth embodiment are provided. 
[0045] In the metal halide lamp according to the pre- 
ferred fourteenth embodiment of the invention, in addi- 
tion to the arrangement according to the tenth embodi- 
ment, the paired electrodes are at a distance of 4.2 mm 
± 0.6 mm. According to this embodiment, the same ad- 
vantages as in the sixth embodiment are provided. 
[0046] In the metal halide lamp according to a pre- 
fen-ed fifteenth embodiment of the invention, in addition 
to the arrangement according to the tenth embodiment, 
the xenon gas in the discharge medium is at 8 to 16 at- 
mospheres at 25''C. According to this embodiment, the 
same advantages as in the eighth embodiment are pro- 
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vided. 

[0047] In the metal halide lamp according to a pre- 
ferred sixteenth embodiment of the invention, In addition 
to the arrangement according to the tenth embodiment, 
the lamp power is 35 W ± 3 W. According to this embod- 
iment, the same advantages as In the ninth embodiment 
are provided. 

[0048] In the present invention and the preferred em- 
bodiments described above, the following embodiments 
can be selectively adopted as required. 

<Henfnetic vessel> 

[0049] The hermetic vessel Is fire resistant and trans- 
lucent. The words "fire resistance" mean that the her- 
metic vessel can adequately withstand a normal oper- 
ating temperature of the discharge lamp. Therefore, the 
hermetic vessel may be made of any material as far as 
it has a fire resistance and can allow the visible light in 
a desired wavelength range produced by the discharge 
to be transmitted to the outside. For example, the her- 
metic vessel may be made of a ceramic, such as quartz 
glass, translucent alumina and YAG. or a single crystal 
thereof. However, In the case of an automotive head- 
lamp, a high light collecting efficiency is required, and 
thus, quartz glass, which has a high linear transmlt- 
tance, is suitably used. As required, the inner surface of 
the hennetic vessel made of quartz glass may be coated 
with a transparent film having a halogen resistance or 
halide resistance, or may be modified. 
[0050] The hermetic vessel has a discharge space 
formed therein. In the case of a small metal halide lamp, 
such as a metal halide lamp for an automotive head- 
lamp, the discharge space preferably has an inner vol- 
ume of 0.01 cc or less and substantially has a shape of 
an elongated cylinder with an inner diameter of 1 .5 to 
3.5 mm and a longitudinal length of 5 to 9 mm. Thus, 
the temperature of the hermetic vessel increases faster 
in the upper portion thereof. 

[0051] Furthermore, a part of the hermetic vessel 
which surrounds the discharge space can have a rela- 
tively high thickness . That is, a part of the hermetic ves- 
sel around the middle of the distance between the elec- 
trodes can be thicker than the end parts thereof. This 
enhances heat transfer of the hennetic vessel, whereby 
the temperature of the discharge medium adhered to the 
inner surface of the lower part and side part of the dis- 
charge space of the hermetic vessel Increases faster. 
Thus, a rapid rising of the luminous flux Is attained. 
[0052] Furthermore, in order for electrodes described 
later to be sealed in the henmetic vessel, a pair of rod- 
shaped sealing parts may be provided integrally with the 
hermetic vessel at both the longitudinal ends of the dis- 
charge space formed in the hermetic vessel. The elec- 
trodes are each connected to an externally introduced 
line via a sealed metal foil by, preferably, a decompres- 
sion sealing method. Thus, the electrodes can be sup- 
plied with power, and any chip is excluded from the part 



surrounding the discharge space, whereby the light dis- 
tribution characteristics can be prevented from being 
disturi^ed by an exhaust chip part that otherwise would 
be provided. 

5 

<A pair of electrodes> 

[0053] The pair of electrodes Is sealed in the hermetic 
vessel with the electrodes facing each other at a dis- 

10 tance of 5 mm or less in general. In the case of a small 
metal halide lamp, such as a metal halide lamp for an 
automotive headlamp, the distance Is preferably 3.5 to 
5 mm, and more preferably 4.2 mm ± 0.6 mm. Each of 
the electrodes has a rod-shaped shaft part having a di- 

15 ameter substantially uniform In the longitudinal direc- 
tion. The diameter of the shaft part is preferably 0.3 mm 
or more, and the electrode is not widened from the shaft 
part to the tip. The tip has a planar end surface, or the 
tip which originates an arc has a curved surface. In the 

20 case where the electrode is not widened from the shaft 
part to the tip and the tip which originates an arc has a 
curved surface, the curved surface is substantially 
spherical. If the radius is one-half or less of the diameter 
of the shaft part, the part which originates an arc can be 

25 prevented from being accidentally displaced, and occur- 
rence of a luminance flicker can be suppressed. Here, 
the words "tip of the electrode which originates an arc" 
mean a part of the electrode which is located at the tip 
of the electrode and originates an arc. It does not nec- 

30 essarily refer to whole of the geometrical configuration 
of the tip of the electrode. That is, it is essential only that 
the part of the electrode which is located at the tip of the 
electrode and originates an arc has a curved surface 
having a radius of one-half or less of the diameter of the 

35 shaft part of the electrode. Preferably, however, the 
curved surface of the tip of the electrode which origi- 
nates an arc has a radius of 40% or more of one-half of 
the diameter of the shaft part. 
[0054] The length of the electrode protruding into the 

40 hermetic vessel, as well as the diameter of the shaft, 
affects the temperature of the electrode. This can be the 
same as in common small metal halide lamps of this 
type. Thus, for example, it can be set to about 1 .4 ± 0.1 
mm. Furthennore, the pair of electrodes may be adapt- 
ed ed for an altemating current or direct current. If the lamp 
is operated by an altemating current, the electrodes of 
the pair have the same structure. If the lamp is operated 
by a direct cun^ent. in general, the temperature of the 
anode increases rapidly. Thus, the anode is allowed to 

50 have a shaft diameter larger than that of the cathode 
and thus a heat radiating area larger than that of the 
cathode, and can be ready for a frequent on/off opera- 
tion. 

[0055] The electrodes may be made of tungsten, 
55 doped tungsten, rhenium, a rhenium/tungsten alloy or 
the like. Furthermore, according to an arrangement for 
sealing the electrodes in the hermetic vessel, the elec- 
trodes may be supported by the base end parts thereof 
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being embedded in the pair of sealing parts of the her- 
metic vessel Here, the base end of the electrode is con- 
nected, by welding or the like, to the sealed metal foil 
made of molybdenum or the like that is hermetically em- 
bedded In the sealing part. 

<Mercury> 

[0056] The words "substantially contain no mercury" 
in the present invention mean that mercury is not sealed 
at all or that mercury may exist in an amount of less than 
2 mg/cc of the inner volume of the hermetic vessel, pref- 
erably 1 mg/cc of the inner volume the hermetic vessel 
or less. However, it is desirable that no mercury is sealed 
from an environmental point of view. If the lamp voltage 
of the discharge lamp is to be increased to a desired 
level by the action of a mercury vapor as in the prior art, 
the mercury Is sealed in the hermetic vessel in an 
amount of 20 to 40 mg/cm^, possibly 50 mg/cm^, of the 
inner volume of the hemietic vessel in the case of a short 
arc type metal halide lamp. Compared with this, the 
amount of mercury is significantly reduced. 

<Lamp power> 

[0057] The lamp power is a power supplied to the met- 
al halide lamp. According to the present invention, it is 
60 W or less during a stable lighting-on time of the lamp. 
This means that the lamp is a small metal halide lamp. 
In the case of a metal halide lamp for an automotive 
headlamp, the lamp power is preferably 35 W± 3 W. 

<Other components of the invention> 

[0058] The following components are not essential in 
the present invention. However, selectively adding any 
of these components to the metal halide lamp can en- 
hance the performance and function thereof. 

1 Outer envelope 

[0059] The outer envelope houses a discharge vessel 
therein. The outer envelope can block ultraviolet rays 
from being emitted from the discharge vessel to the out- 
side, maintain the temperature of the discharge vessel 
or mechanically protect the discharge vessel. Further- 
more, when a light-shielding film in a predetermined 
shape is used to provide desired light distribution char- 
acteristics, the light-shielding film may be formed on a 
surface of the outer envelope. As required, the outer en- 
velope may be hermetically sealed from the outside air 
or may have air or an inert gas at an atmospheric or 
reduced pressure sealed therein. Furthermore, essen- 
tially, it may be communicated with the outside air. 

2 Cap 



lamp to a lighting circuit or mechanically support the 
metal halide lamp on a lighting device. 

3 Igniter 

5 

[0061] The igniter is to produce a high pulsed voltage 
and apply the voltage to the metal halide lamp to pro- 
mote starting of the metal halide lamp. It may be housed 
in the cap to be incorporated into the metal halide lamp, 
10 for example. 

4 Start assistant conductor 

[0062] The start assistant conductor is to increase an 
15 electric field strength in the vicinity of the electrodes, 
thereby facilitating starting of the metal halide lamp. As 
required, one end of the start assistant conductor is con- 
nected to a part at the same potential as one electrode, 
and the other end thereof is disposed on a region of the 
20 outer surface of the discharge vessel in the vicinity of 
the other electrode, 

[0063] An automotive headlamp apparatus according 
to the present invention comprises: an automotive head- 
lamp apparatus main unit; a metal halide lamp de- 

25 scribed in claim 1 or 1 1 installed in the automotive head- 
lamp apparatus main unit; and a lighting device fortum- 
ing on the metal halide lamp. 
[0064] Since the automotive headlamp apparatus ac- 
cording to the present Invention has the metal halide 

30 lamp described in claim 1 or 11 as a light source, It has 
a high luminous efficiency and therefore can provide an 
enhanced total luminous flux. In addition, it can maintain 
a relatively high lamp voltage, emit light of an appropri- 
ate color and provide a rapid rising of the luminous flux. 

35 Furthemnore, since mercury, which places a significant 
load on the environment, is not sealed in the metal hal- 
ide lamp, the automotive headlamp apparatus of the 
present invention is extremely preferable from an envi- 
ronmental point of view. Here, the "automotive head- 

^ lamp apparatus main unit" refers to the whole of the au- 
tomotive headlamp apparatus except the metal halide 
lamp and the lighting device. 

[0065] The lighting device tums on the metal halide 
lamp as desired. Preferably, it is electronized to be eas- 

^5 ity controlled and tums on the metal halide lamp in such 
a manner that a maximum power input within 4 seconds 
after the metal halide lamp is tumed on Is 2.5 to 4 times 
higher than the lamp power In a stable state. This can 
provide a rapid rising of the luminous flux within 4 sec- 

50 ends after the lamp is tumed on and a luminous intensity 
of 8000 cd at a representative point of the front surface 
of the headlamp, which is required for the automotive 
headlamp. 

[0066] Thus, according to the present invention, the 
55 automotive headlamp apparatus having the advantages 
described in claims 1 to 18 is provided. 



[0060] The cap serves to connect the metal halide 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] FIG. 1 is a front view of a metal halide lamp 
according to a first embodiment of the present invention; 
[0068] FIG. 2 is a graph showing relations between 5 
the ratio of scandium halide to the sum of scandium hal- 
ide and sodium halide and the lamp voltage, total lumi- 
nous flux and chrominance; 

[0069] FIG. 3 is a graph showing relations between 
the ratio of scandium halide to the sum of scandium hal- 
ide and sodium halide and the lamp voltage, total lumi- 
nous flux and chrominance, where the amount of a 
sealed second halide in the amount of whole sealed hal- 
ides is used as a parameter; 
[0070] FIG. 4 is a graph showing relations between 
the ratio of the second halide to the sum of the first and 
second halides and the lamp voltage, total luminous flux 
and chrominance; 

[0071] FIG. 5 is a graph showing relations between 
the ratio of the second halide to the sum of the first and 
second halides and the lamp voltage and total luminous 
flux, where the ratio of scandium halide to the sum of 
scandium halide and sodium halide is used as a param- 
eter; 

[0072] FIG. 6 is a chromaticity diagram showing a 
chromaticity for an example of the metal halide lamp ac- 
cording to the first embodiment of the invention along 
with chromaticities for comparison examples 1 and 2; 
[0073] FIG. 7 Is a graph showing an effect of a varia- 
tion of a ratio a/(a+b) on rising characteristics of lumi- 
nous flux in the example of the metal halide lamp ac- 
cording to the first embodiment of the invention; 
[0074] FIG. 8 is a graph showing a variation of the total 
luminous flux due to a change of the sum of the first and 
second halides in the example of the metal halide lamp 
according to the first embodiment of the invention; 
[0075] FIG. 9 is a front view of a metal halide lamp, 
which is a high voltage discharge lamp according to a 
second embodiment of the invention; and 
[0076] FIG. 1 0 is a perspective view of an automotive 
headlamp apparatus according to an embodiment of the 
invention viewed from the rear side thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0077] Embodiments of the present invention will be 
described below with reference to the drawings. 
[0078] FIG. 1 is a front view of a metal halide lamp 
according to a first embodiment of the present invention. 
In this drawing, reference numeral 1 denotes a hemnetic 
vessel, reference numeral 2 denotes a sealed metal foil, 
reference numerals 3, 3 denote a pair of electrodes, and 
reference numeral 4 denotes an externally introduced 
line. 

[0079] The hemnetic vessel 1 comprises a surround- 
ing part 1a, and a pair of sealing parts lb, lb. The sur- 
rounding part 1a is shaped into a spheroid, and the in- 



side thereof is hollow and constitutes a longitudinally 
elongated cylindrical discharge space 1c. The pair of 
sealing parts lb, lb are formed at both ends of the sur- 
rounding part la integrally therewith and longitudinally 
extend from the ends of the surrounding part 1a. 
[0080] The sealed metal foil 2 is a ribbon-shaped mo- 
lybdenum foil. It is hermetically embedded in each of the 
sealing part 1 b. 1 b of the hermetic vessel 1 by a decom- 
pression sealing method. 

[0081] Each of the paired electrodes 3, 3 has a rod- 
shaped shaft part 3a, and a tip 3b of the shaft part 3a of 
the electrode, which originates an arc, has a hemispher- 
ical curved surface having a radius of one-half or less 
of a diameter of the shaft part 3a. The electrodes are 
supported by respective base end parts 3c being em- 
bedded in the paired sealing parts 1 b, 1 b of the hermetic 
vessel 1 and protrude Into the discharge space 1c from 
the both ends of the surrounding part la of the hermetic 
vessel 1 to face each other at a distant of 5 mm or less. 
A base end of each of the paired electrodes 3, 3 Is con- 
nected to one end of the sealed metal foil 2. 
[0082] The externally introduced line 4 has a tip weld- 
ed to the other end of the sealed metal foil 2 and is led 
to the outside from the sealing part lb of the hermetic 
vessel 1 . 

[0083] In the hemiettc vessel la, halides of a light- 
emitting metal and a metal for mainly providing a lamp 
voltage and a xenon gas are sealed as a discharge me- 
dium. 

[Example] 

[0084] The henmetic vessel 1 was made of quartz 
glass and had an outer diameter of 6 mm, an inner di- 
ameter of 2.7 mm and an inner volume of atx>ut 34 mm^ 
and the sun^ounding part thereof was 7.0 mm long. 
[0085] The electrode 3 was made of tungsten, the 
shaft part thereof had a diameter of 0.35 mm, the dis- 
tance between the electrodes was 4.2 mm, and the 
length of protrusion of the electrode protruding into the 
discharge space was 1 .4 mm. 
[0086] The discharge medium contained metal hali- 
des including 0.1 mg of SCI3, 0.2 mg of Nal and 0.1 mg 
of Znl2 in relations of Scl3/(Scl3 + Nal) < 0.33 and Zn\2/ 
(SCI3 Nal -I- Znl2) = 0.25, the metal halides being 
sealed in an amount of 0.01 2 mg per unit volume in the 
surrounding part, and a xenon gas at 10 atmospheres 
at a temperature of 25°C. 

[0087] The electrical characteristics were as follows: 
the lamp power was 35 W and the lamp voltage was 46 
V (both in a stable state). 

[0088] The total luminous flux was 31 00 Im (in a stable 
state). 

[0089] Now, variations of the lamp voltage, total lumi- 
nous flux and chrominance resulting when changing the 
ratio between sodium halide and scandium halide in this 
example will be described with reference to FIG. 2. 
[0090] FIG. 2 is a graph showing relations between 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP1 349197A2 



16 



the ratio of scandium halide to the sum of scandium hal- 
tde and sodium haiide and the lamp voltage, total lumi- 
nous flux and chrominance. In this drawing, the horizon- 
tal axis indicates the ratio a/(a+b), where the character 
a denotes the mass of scandium halide sealed and the 
character b denotes the mass of sodium halide sealed, 
the vertical axis at the left indicates the lamp voltage (V) 
and the total luminous flux (Im) and the vertical axis at 
the right indicates the chrominance. The curve VI indi- 
cates the lamp voltage, the curve Im indicates the total 
luminous flux, and the curve duv indicates the chromi- 
nance. 

[0091] It is proved that if a relation of 0.25 < a/(a+b) 
< 0.5 according to the invention is satisfied, a high total 
luminous flux is attained, and the lamp voltage and the 
chrominance fall within an allowable range. 
[0092] Now, an effect of the ratio of the second halide 
to the sum of the first and second halldes on the relations 
between the ratio of scandium halide to the sum of scan- 
dium halide and sodium haiide and the lamp voltage and 
total luminous flux in this example will be described with 
reference to FIG. 3. 

[0093] FIG. 3 is a graph showing relations between 
the ratio of scandium halide to the sum of scandium hal- 
ide and sodium halide and the lamp voltage, total lumi- 
nous flux and chrominance, where the amount of the 
sealed second halide in the amount of the whole sealed 
halides is used as a parameter. In this drawing, the same 
reference characters as In FIG. 2 have the same means 
as in FIG. 2. The group of curves VI indicates the lamp 
voltage, and the group of curves Im indicates the total 
luminous flux. The plural curves in each group are dif- 
ferent from each other in parameter c/{a+b+c). That is, 
c/(a+b+c) = 0. 1 for a curve d, c/(a+b+c) = 0.25 for a curve 
e, c/(a+b+c) = 0.4 for a curve f, c/(a+b+c) = 0 for a curve 
X, and c/(a+b+c) = 0.6 for a curve y. Where, a character 
c denotes the mass of zinc halide sealed. 
[0094] As can be seen from this drawing, the lamp 
characteristics varying with a/(a+b) is not essentially af- 
fected by c/(a+b+c). However, the lamp voltage is higher 
for a larger amount c of the second halide sealed. And, 
the total luminous flux is lower for a smaller parameter 
c/(a+b+c). 

[0095] Now, relations between the ratio of the second 
halide to the sum of the first and second halldes and the 
lamp voltage, total luminous flux and chrominance in 
this example will be described with reference to FIG. 4. 
[0096] FIG. 4 is a graph showing relations between 
the ratio of the second halide to the sum of the first and 
second halides and the lamp voltage, total luminous flux 
and chmminance. In this drawing, the horizontal axis In- 
dicates the ratio c/(a+b+c), where the character a de- 
notes the mass of scandium halide sealed, the character 
b denotes the mass of sodium halide sealed, and the 
character c denotes the mass of the second halide 
sealed. The vertical axis at the left indicates the lamp 
voltage (V) and the total luminous flux (Im), and the ver- 
tical axis at the right indicates the chrominance. The 



curve VI indicates the lamp voltage, the curve Im indi- 
cates the total luminous flux, and the curve duv indicates 
the chrominance. 

[0097] It is proved that if a relation of 0.1 < c/(a+b+c) 
5 < 0.4 according to the invention is satisfied, a high total 
luminous flux and a high total luminous flux are attained, 
and the lamp voltage and the chrominance fall within an 
allowable range. 

[0098] Furthemriore, an effect of the ratio of scandium 

to halide to the sum of scandium halide and sodium halide 
on the relations between the ratio of the second halide 
to the sum of the first and second halides and the lamp 
voltage and total luminous flux will be described with ref- 
erence to FIG. 5. 

15 [0099] FIG. 5 is a graph showing relations between 
the ratio of the second halide to the sum of the first and 
second halldes and the lamp voltage and total luminous 
flux, where the ratio of scandium halide to the sum of 
scandium halide and sodium halide is used as a param- 

20 eter. In this drawing, the same reference characters as 
in FIG. 4 have the same means as in FIG. 4. The group 
of curves VI indicates the lamp voltage, and the group 
of curves Im indicates the total luminous flux. The plural 
curves in each group are different from each other in 

25 parameter a/(a+b). That is, a/(a+b) = 0.25 for a curve g, 
a/{a+b) = 0.33 for a curve h, a/{a+b) = 0.4 for a curve i, 
a/(a+b) = 0.5 for a curve j, a/(a+b) = 0.09 for a curve r, 
a/(a+b) = 0.17 for a curve s, and a/(a+b) = 0.60 for a 
curvet. 

30 [01 00] As can be seen from this drawing, a higher ra- 
tio of scandium halide provides a higher lamp voltage 
and a slightly higher total luminous flux. 
[0101] FIG. 6 is a chromaticity diagram showing a 
chromaticity for the example of the metal halide lamp 

35 according to the first embodiment of the Invention along 
with chromaticities for comparison examples 1 and 2. In 
this drawing, reference numeral 1 denotes the compar- 
ison example 1 , reference numeral 2 denotes the com- 
parison example 2, and reference numeral 3 denotes 

40 the example. In addition, in this drawing, the dotted line 
indicates a color temperature of about 4000 K. Specifi- 
cations of the comparison examples 1 and 2 are as fol- 
lows. 

45 [Comparison example 1] 

[0102] The discharge medium contained metal hali- 
des including 0.08 mg of SCI3, 0.42 mg of Nal and 0.30 
mg of Znl2 in relations of 8013/(8013 + Nal) = 0.16 and 
50 Znl2/(8cl3 + Nal + Znig) = 0.375 and a xenon gas at 1 0 
atmospheres at a temperature of 25°C. 
[01 03] The others are the same as those in the exam- 
ple. 

[01 04] The comparison example 1 differs from the ex- 
55 ample in that the amount of the second halide sealed is 
not reduced. 
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[Comparison example 2] 

[0105] The discharge medium contained metal hali- 
des including 0.1 mg of SCI3, 0.5 mg of Nal and 0.2 mg 
of Znl2 in relations of 8013/(8013 + Nal) = 0.1 67 and Znl2/ 5 
(SCI3 Nal Znl2) = 0.25 and a xenon gas at 1 0 atmos- 
pheres at a temperature of 25°C. 
[0106] The others are the same as those in the exam- 
ple. 

[01 07] The comparison example 2 is the same as the 
example in that the amount of the second halide sealed 
Is reduced, while the comparison example 2 differs from 
the example in that the ratio of scandium halide to the 
first halide is the same as that in the comparison exam- 
ple 1. 

[0108] As can be seen from FIG. 6, if the amount of 
the second halide is only reduced, the color temperature 
varies. Thus, it is proved that the second halide has an 
action of adjusting color temperature. However, in the 
example, the amount of the second halide is reduced 
while keeping in balance the ratio between scandium 
halide and sodium halide, which are the first halides, or 
between the first and second halides, and thus, the color 
temperature can be kept constant and the chrominance 
can be kept falling within an allowable range. 
[0109] FIG. 7 is a graph showing an effect of a varia- 
tion of the ratio a/(a+b) on the rising characteristics of 
the luminous flux in the example of the metal halide lamp 
according to the first embodiment of the invention. In this 
drawing, the horizontal axis indicates the ratio a/(a+b), 
and the vertical axis indicates the time (seconds) re- 
quired for 80% of the total luminous flux to be attained. 
The measurement was conducted in such a manner that 
a lamp power of 85 W, which approximately equals to 
2.5 times a lamp power of 35 W In a stable state, was 
supplied immediately after activation of the metal halide 
lamp. 

[0110] As can be seen from this drawing, within the 
range of 0.25 < a/(a->-b) < 0.5, 80% of the total luminous 
flux can be attained within 4 seconds after lighting. 
[01 1 1] FIG. 8 is a graph showing a variation of the total 
luminous flux due to a change of the sum of the first and 
second halides in the example of the metal halide lamp 
according to the first embodiment of the invention. In this 
drawing, the horizontal axis indicates the amount A (mg/ 
mm^) of the first and second halides per unit volume of 
the hermetic vessel, and the vertical axis indicates the 
total luminous flux (Im). 

[0112] As can be seen from this drawing, within a 
range of 0.005 < A < 0.03, a total luminous flux of 3040 
Im or higher can be attained. Furthermore, within a pre- 
ferred range of 0.005 < A < 0.02, a total luminous flux 
of 3100 Im or higher can be attained. 
[0113] FIG. 9 is a front view of a metal halide lamp, 
which is a high voltage discharge lamp according to a 
second embodiment of the Invention. According to this 
embodiment, the metal halide lamp as shown in FIG. 1 
is adapted to be installed in an automotive headlamp. 



In this drawing, reference numeral 7 denotes an outer 
envelope, reference numeral 8 denotes a cap, reference 
character ol denotes an external lead, reference char- 
acter cc denotes a connection conductor, reference nu- 
meral 9 denotes an insulating tube, and reference nu- 
meral 10 denotes an arc tube. 
[01 1 4] The outer envelope 7 has a capability of block- 
ing ultraviolet rays and houses the arc tube 10 having 
the structure shown in FIG. 1 . Both ends of the outer 
envelope 7 are glass-welded to sealing parts 1b, while 
the end thereof located nearer the tip is designed to al- 
low ventilation. A light-shielding film 7a is fornied at a 
desired area of the outer surface of the outer envelope 
7. The light-shielding film 7a is formed by melting a mix- 
ture of a pigment and frit glass by heating and applying 
the same to the outer envelope 7 and effective for pro- 
viding desired light distribution characteristics. Further- 
more, the sealing part 1 b1 and a base part of the outer 
envelope 7 are supported on the cap 8 by a fastener 8d 
described later, with the sealing part and the base part 
being fitted into the cap 8. 

[01 1 5] The cap 8 comprises a pair of power receiving 
temiinals 8b, 8c incorporated with an insulating cap 
base 8a and the fastener 8d. The power receiving ter- 
minal 8b has the shape of a ring and is mounted on a 
small-diameter part 8a1 of the cap base 8a so as to be 
flush therewith. The power receiving tenninal 8c pro- 
trudes toward the rear from the base end of the cap base 
8a. 

[0116] The external lead ol extends from the cap base 
8a substantially in parallel with the outer envelope 7 and 
has a base end connected to the power receiving termi- 
nal 8b and a tip end welded to the connection conductor 
cc described later. 

[01 1 7] The connection conductor cc is interposed be- 
tween the tip end of the external lead ol and the exter- 
nally introduced line 4 located at the tip end of the arc 
tube 10 and interconnects the extemal lead ol and the 
extemally introduced line 4. 

[01 1 8] The insulating tube 9 covers the extemal lead 
ol. 

[01 19] FIG. 1 0 is a perspective view of an automotive 
headlamp apparatus according to an embodiment of the 
invention viewed from the rear side thereof. In this draw- 
ing, reference numeral 11 denotes an automotive head- 
lamp apparatus main unit, reference numeral 12 de- 
notes a metal halide lamp, and reference numeral 13 
denotes a lighting device. 

[01 20] The automotive headlamp apparatus main unit 
11 comprises a front transparent panel 11a, reflectors 
lib, 11c, a lamp socket lid and a fixture 11e. The front 
transparent panel 11a Is contoured to the shape of the 
surface of the automobile and has desired optical 
means, for example, a prism. Each of the reflectors lib, 
11c is provided for each metal halide lamp 12 and con- 
figured to provide required light distribution characteris- 
tics. The lamp socket lid is connected to an output ter- 
minal of the lighting device 13 and is mounted in a cap 
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12d of the metal halide lamp 12. The fixture lie is 
means for fixing the automotive headlamp apparatus 
main body 11 to the automobile at a predetermined po- 
sition. 

[0121] The metal halide lamp 1 2 has the construction 5 
shown in FIGS. 1 and 6. The lamp socket 1 1 d is mounted 
in the cap and connected thereto. In this way, the two- 
bulb metal halide lamp 12 is mounted in the automotive 
headlamp apparatus main unit 11 , and the four-bulb au- 
tomotive headlamp apparatus is constructed. The light io 
emitting parts of each metal halide lamp 12 are located 
generally at focal points of the reflectors 1 1 b, 1 1 c of the 
automotive headlamp apparatus main unit 11. 
[0122] Lighting devices 13A, 13B are housed in me- 
tallic vessels 1 3a and energize the metal halide lamp 12 is 
to turn on it. 



Claims 

20 

1 . A metal halide lamp, characterized In that the met- 
al halide lamp comprises: 

a henmetic vessel which Is fire resistant and 
translucent: 25 
a pair of electrodes sealed in the hennetic ves- 
sel with facing each other at a distant of 5 mm 
or less; and 

a discharge medium substantially containing 
no mercury, sealed in the hermetic vessel, and 30 
containing first halides mainly including scan- 
dium halide and sodium halide, a second halide 
for mainly providing a lamp voltage and a xenon 
gas at 5 atmospheres or higher at a tempera- 
ture of 25''C, the amounts of scandium halide 35 
and sodium halide sealed in the hemnetic ves- 
sel satisfying the formula: 

0.25 < a/(a+b) <0.8, 

where reference character a denotes the mass of 
scandium halide and reference character b denotes 
the mass of sodium halide, and 

in a stable state, the metal halide lamp is ^5 
turned on with a lamp power of 60 W or lower. 

2. The metal halide lamp according to claim 1 , char- 
acterized in that the discharge medium contains 
metal halides including at least Scl3, Nal and InBr 50 
and/or Inl, and the mass ratio of the halides to the 
sum of scandium halide and sodium halide is one- 
fifth or less. 

3. The metal halide tamp according to claim 1 , char- 55 
acterlzed in that the amounts of scandium haiide, 
sodium halide and the second halide sealed in the 
hemietic vessel satisfies the fomiula: 
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0.1 < c/(a+b+c) <0.4, 

where reference character a denotes the mass of 
scandium halide, reference character b denotes the 
mass of sodium halide and reference character c 
denotes the mass of the second halide. 

4. The metal halide lamp according to any preceding 
claim, characterized in that the discharge medium 
contains the first and second halides in an amount 
of 0.005 mg/mm3 or more of an inner volume of the 
henmetic vessel. 

5. The metal halide lamp according to any one of 
claims 1 to 3, characterized in that the discharge 
medium contains the first and second halides in an 
amount of A mg/mm^ of an inner volume of the her- 
metic vessel, and the formula is satisfied: 

0.005<A<0.03. 

6. The metal halide lamp according to any preceding 
claim, characterized in that the innervolumeof the 
hermetic vessel is 0.01 cc or less. 

7. The metal halide lamp according to any preceding 
claim, characterized In that the paired electrodes 
are at a distance of 4.2 mm ± 0.6 mm. 

8. The metal halide lamp according to any preceding 
claim, characterized In that the xenon gas in the 
discharge medium is at 5 to 20 atmospheres at 
25*^0. 

9. The metal halide lamp according to any one of 
claims 1 to 7, characterized In that the xenon gas 
in the discharge medium is at 8 to 16 atmospheres 
at25X. 

10. The metal halide lamp according to any preceding 
claim, characterized in that the lamp power is 35 
W±3W. 

1 1 . A metal halide lamp, characterized in that the met- 
al halide lamp comprises: 

a hemietic vessel which Is fire resistant and 
translucent; 

a pair of electrodes sealed in the hermetic ves- 
sel with facing each other at a distant of 5 mm 
or less; and 

a discharge medium substantially containing 
no mercury, sealed in the hermetic vessel, and 
containing first halides mainly including scan- 
dium halide and sodium halide. a second halide 
for mainly providing a lamp voltage and a xenon 
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gas at 5 atmospheres or higher at a tempera- 
ture of 25°C, the amounts of scandium halide, 
sodium halide and the second haiide sealed in 
the hermetic vessel satisfying the formula: 

0.01 < c/(a+b+c) <0.4. 

where reference character a denotes the mass of 
scandium halide, reference character b denotes the 
mass of sodium halide and reference character c 
denotes the mass of the second halide, and 

in a stable state, the metal halide lamp is 
tumed on with a lamp power of 60 W or lower. 

12. The metal halide lamp according to claim 11 , char- 
acterized in that the amounts of scandium halide, 
sodium halide and the second halide sealed in the 
hennetic vessel satisfies the formula: 

0.1 < G/(a+b+c) <0.4, 

where reference character a denotes the mass of 

scandium halide, reference character b denotes the 
mass of sodium halide and reference character c 
denotes the mass of the second halide. 

13. The metal halide lamp according to claim 11 or 12, 
characterized In that the discharge medium con- 
tains metal halides including at least Scl3, Nal and 
InBr and/or Inl. 

14. The metal halide lamp according to any one of 
claims 11 to 13, characterized in that the dis- 
charge medium contains the first and second hali- 
des in an amount of A mg/mm^ of an inner volume 
of the hermetic vessel, and the formula is satisfied: 

0.005 <A< 0.03. 

15. The metal halide lamp according to any one of 
claims 11 to 14, characterized in that the inner vol- 
ume of the hermetic vessel is 0.01 cc or less. 

16. The metal halide lamp according to any one of 
claims 11 to 15, characterized in that the paired 
electrodes are at a distance of 4.2 mm ± 0.6 mm. 

17. The metal halide lamp according to any one of 
claims 11 to 16, characterized in that the xenon 
gas in the discharge medium is at 8 to 16 atmos- 
pheres at 25^*0. 

18. The metal halide lamp according to any one of 
claims 11 to 17. characterized in that the lamp 
power is 35W±3W. 



19. An automotive headlamp apparatus, character- 
ized in that the automotive headlamp apparatus 
comprises: 

5 an automotive headlamp apparatus main unit; 



a metal halide lamp according to daim 1 or 11 
installe in the automotive headlamp apparatus 
main unit; and 

10 

a lighting device for turning on the metal halide 
lamp. 
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FIG. 2 
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FIG. 4 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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